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1 Background  

The Snohomish County Surface Water Management (SWM) iǎ ǇŀǊǘ ƻŦ {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ tǳōƭƛŎ 
Works Department. Our mission is to work in partnership with the community to protect and 
enhance water quality and aquatic habitat, to minimize damage from flooding and erosion, and 
to preserve water resources for future generations. hƴŜ ƻŦ {²aΩǎ ǇǊƻƎǊŀƳǎ ƛǎ ǘƘŜ ƭŀƪŜ 
management program which works to protect and improve the health of Snohomish County 
Lakes.  

The purpose of this document is to present the Quality Assurance Monitoring Plan (QAMP) for 
collecting water quality and other data to assess the chemical, physical, and biological 
characteristics of select lakes in Snohomish County, Washington. A comprehensive and well-
documented QA program plan is required to obtain data that are scientifically defensible and 
that attain the requisite levels of precision and accuracy with the minimum expenditure of 
resources.  By collecting data within a defined QA program, management decisions can be made 
that are based on sound information and have an enhanced probability of successful 
implementation. 

The Snohomish County Quality Assurance Monitoring Plan (QAMP) addresses the major quality 
assurance/quality control (QA/QC) considerations and QA/QC guidelines for lake investigations 
to support the Snohomish County Lake Management Program.  This QAMP follows Washington 
State Department of Ecology (WSDOE) guidelines and specifications found in the Guidelines for 
Preparing Quality Assurance Project Plans for Environmental Studies (WSDOE 2016).  This QAMP 
updates and supersedes previous Quality Assurance Plans for the Snohomish County Lake 
Management Program. 

1.1 Study area and surroundings  

The study area consists of the lakes are located in unincorporated Snohomish County or have 
property that is owned and operated by Snohomish County. No lakes shall be included that are 
located completely inside city boundaries or within forest service land unless an agreement is in 
place for Snohomish County to provide lake monitoring services or Snohomish County owns and 
operates . Of those lakes, the focus is on the 29 public lakes that have either established boat 
launches or are accessible via a public park or similar facility. Private lakes within the study area 
may also be included depending on the budget availability, presence of a lake volunteer, or 
another need to understand water quality conditions to make lake management decisions. 
While there are a few lakes with low or no development on the lake shoreline or watershed, 
most lakes are characterized by having higher density development around the lake shoreline 
with partially developed watersheds. A complete list of monitored lakes, lake maps, and 
monitoring locations is included in Appendix B ς Lake Maps and Monitoring Locations. 

1.2 History of study area  

There are approximately 460 lakes in Snohomish County, most of which are very small or 
located in the Cascade Mountains and foothills. Approximately 60 lakes are located in the 
populated lowland portions of the County. Human activities have occurred around many of the 
ƭŀƪŜǎ ǎǘŀǊǘƛƴƎ ƛƴ ǘƘŜ мфплΩǎΦ 5ŜǾŜƭƻǇƳŜƴǘΣ ƭƻƎƎƛƴƎΣ ŀƴŘ ŀƎǊƛŎǳƭǘǳǊŜ can impact lake ecosystems. 
This program was started to gain a better understanding of current lake health as well as 
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changes over time. While fewer logging and agriculture activities occur in lake watersheds, 
development and population continues to grow.  

1.3 Parameters or contaminants of concern & related criteria  

The Snohomish County Lake Monitoring program is a long-term ambient water quality program. 
Therefore, the parameters to be measured and parameters to analyze will be those that can 
most effectively characterize the overall state and health of the lake such as the mixing 
regime/duration of stratification and the lake trophic state.  

Water quality standards for the State of Washington can be found in WAC 173-201A-101(2) with 
ŀŘŘƛǘƛƻƴŀƭ ŎƭŀǊƛŦƛŎŀǘƛƻƴ ǇǊƻǾƛŘŜŘ ōȅ 9ŎƻƭƻƎȅΩǎ Water Quality Assessment Policy 1-11 (Ecology 
2018). The criterion for total phosphorus identified an action value of 20 µg/L for this ecoregion 
(unless there is a lake-specific study). Exceeding the action value for a single season or critical 
ǇŜǊƛƻŘ Ŏŀƴ ƭŜŀŘ ǘƻ ŀ /ŀǘŜƎƻǊȅ р ƭƛǎǘƛƴƎ ǳƴŘŜǊ ǘƘŜ {ǘŀǘŜΩǎ олоŘ ƭƛǎǘ ƻŦ ƛƳǇŀƛǊŜŘ ǿŀǘŜǊōƻŘƛŜǎΦ The 
criteria indicate that the concentration is calculated as the arithmetic mean of four or more daily 
total phosphorus samples collected from the epilimnion during the critical period or season. The 
period for assessing total phosphorus in lakes is June 1 through September 30th unless a lake-
specific study shows a different critical period.  

In the majority of these lake watersheds, phosphorus is coming from household sources 
including fertilizers, pet and animal waste, septic systems, and sediment which are carried 
directly into the lake or to adjacent ditches and streams. A few watersheds also have some 
active agriculture and logging that can contribute to phosphorus pollution. With the exception 
of sediment-bound phosphorus, most phosphorus pollution will be in the soluble form which is 
more readily bioavailable. Once phosphorus enters a lake system, the more soluble forms are 
typically used by the biota. Eventually the organic phosphorus as well as the majority of 
sediment-bound phosphorus is deposited in the lake sediments.  

This study will not focus on contaminants such as bacteria, heavy metals, or chemical pollutants 
such as hydrocarbons. A lake-specific study that focuses on these additional parameters may be 
one outcome should a problem be detected through this monitoring program.  

1.4 Results and Conclusions of Previous Studies 

The Snohomish County Lake monitoring program originally began in 1992 and was funded 
through a Department of Ecology Since Clean Water Fund Centennial grant.  The original grant 
provided for a countywide assessment of the health of public lakes as well as the establishment 
a volunteer lake monitoring program. The assessment included water quality monitoring, 
observations of aquatic plant communities, and an assessment of lake development. The 
volunteer program began in 1992 and initially was focused on water clarity and other 
observational information. As the program has evolved an additional funds have become 
available, parameters have increased to include the following:  

¶ 1996 ς epilimnetic and hypolimnetic total phosphorus samples  

¶ 1998 ς dissolved oxygen and temperature profiles (initially using thermometers in 
water samplers and LaMotte dissolved oxygen test kits and later through the use of 
electronic sensors) 

¶ 2002 ς epilimnetic chlorophyll a  

¶ 2007 ς observations of potentially toxic algae blooms (blooms are sampled through 
a separate program) 
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¶ 2014 ς Observations on lake usage, recreational suitability of lakes, and more 
detailed toxic algae bloom data  

¶ 2014 ς Epilimnetic total nitrogen 

!ƭƭ ƻŦ ǘƘŜ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ȅŜŀǊǎ ŀǊŜ ǎǘƻǊŜŘ ƛƴ {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ ƻƴƭƛƴŜ ŘŀǘŀōŀǎŜ 
and available online. The data have been reported in the following reports:  

¶ 2003 State of the Lakes report,  

¶ Annual reports on lake health (2003-present) 

¶ Lake report cards that are easily readable by the public (2018 - present)  

Prior to the start of the Snohomish County lake monitoring program, there was very data 
characterizing lake health beyond statewide lake surveys conducted by the Department of 
Ecology (Bortleson, et. al., 1976; Sumioka and Dion, 1985) as well as limited information from 
9ŎƻƭƻƎȅΩǎ ǾƻƭǳƴǘŜŜǊ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳ ǿƘƛŎƘ ŜƴŘŜŘ ƛƴ 1994. A few lakes including Blackmans 
Lake, Lake Stevens, Lake Martha, and Lake Roesiger had more detailed assessments completed. 
Data from these reports were used in reports to characterize past water quality. However, these 
data are not included in trends assessments with the exception of the Lake Stevens water 
quality data.  

2 Project Description  

2.1 Project Goals 

The goal of the Snohomish County lake monitoring program is to have a sufficient understanding 
ƻŦ ǘƘŜ ƘŜŀƭǘƘ ƻŦ ǘƘŜ /ƻǳƴǘȅΩǎ ƭŀƪŜǎ and how they are changing to support effective lake 
management decisions. A secondary goal of the lake management program is to engage 
Snohomish County residents in the management and protection of lakes.  

2.2 Project Objectives 

The Snohomish County Lake Management monitoring program is a long-term ambient water 
quality lake monitoring program that has the following objectives:  

ω Assess the current status of water quality in lakes  
ω Define long-term trends in lake water quality  
ω Identify specific water quality problems or limitations to beneficial uses  
ω Engage Snohomish County residents, where possible, in the collection of data as 

volunteer citizen scientists.  

2.3 Information & Data Requirements 

¢ƘŜ {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅ [ŀƪŜ aƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳ ǿŀǎ ƛƴƛǘƛŀƭƭȅ ƳƻŘŜƭƭŜŘ ŀŦǘŜǊ ǘƘŜ 9ŎƻƭƻƎȅΩǎ 
Statewide Lake monitoring program which used water clarity and other lake observations to 
characterize lake health. As possible, additional parameters were added to help characterize 
lake stratification (DO/temp) and trophic status (phosphorus, nitrogen, chlorophyll a, algae 
bloom observations) as described in Figure 4-1,  is also needed to better characterize lake use, 
lake usability, and factors that may affect water quality (e.g. land disturbance, pollution sources, 
etc.).  
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2.4 Target Population & Study Boundaries 

The target population are lakes located in unincorporated Snohomish County that are not 
located in United State Forest Service lands. Lakes in other jurisdictions may also be included if 
Snohomish County enters into an agreement to provide lake monitoring services. The emphasis 
is on lowland public access lakes, though the monitoring program may include private lakes if 
funding and volunteers are available in a given year. Figure 2-1 and Figure 2-2 provide the basic 
information and location for all of the lakes that have been monitoring through this Lake 
Management Program in the past.  Lakes may be added or removed as volunteer availability and 
funding changes.  Bathymetric maps that identify sampling locations and public access sites for 
each lake can be found in Appendix B - Lake Maps and Monitoring Locations. 

Figure 2-1:  Lakes Included in Snohomish County Lake Monitoring Program with Lake Depths 

Lake Name Maximum 
Depth 

(meters) 

Hypolimnion 
Sample Depth 

(meters) 

Lake Name Maximum 
Depth 

(meters) 

Hypolimnion 
Sample 
Depth 

(meters) ARMSTRONG 8.7 7.0  LITTLE MARTHA 6.1 5.0 

BEECHER 3.0 2.0 LOMA 8.5 7.0 

BLACKMANS 8.8 6.0 LOST 13.7 11.0 

BOSWORTH 24.1 20.0 MARTHA N. 21.3 19.0 

BRYANT 7.0 6.0 MARTHA S. 12.5 10 

CASSIDY 7.5 6.0 MEADOW 6.4 5.0 

CHAIN  6.0 5.0 NINA 12.5 10.0 

COCHRAN 16.0 15.0 PANTHER 11.0 10.0 

CRABAPPLE  14.9 12.0 RILEY 13.7 9.0 

CRYSTAL 9.8 9.0 ROESIGER N. 33.5 30.0 

ECHO  15.2 13.0 ROESIGER S. 21.0 20.0 

FLOWING  21.0 18.0 ROWLAND 7.6 6.0 

GISSBERG N. 7.4 6.5 RUGGS 4.7 3.0 

GISSBERG S. 4.7 3.5 SERENE 6.7 5.0 

GOODWIN  15.2 13.0 SHOECRAFT 10.7 9.0 

HILTON N. 2.5 2.0 SPRING 3.0 -- 

HILTON S. 3.5 3.0 STEVENS 47.0 40.0 

HOWARD  15.2 14.0 STICKNEY 10.0 9.0 

KAYAK 6.0 4.0 STORM 14.0 12 

KETCHUM  6.4 5.0 SUNDAY 6.0 4.5 

KI  21.3 18.0 WAGNER 6.7 5.0 
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Figure 2-2: Locations of Monitored Lakes in Snohomish County 
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2.5 Practical Constraints on Study Design  

The Lake Management Program is funded by Snohomish County Surface Water Utility fees that 
are allocated on an annual basis. The scope of the project is limited by the project funding and is 
contingent upon annual approval of that funding. In addition, the program relies heavily on the 
use of trained volunteer lake monitors to be able to monitor the quantity of desired of lakes 
with the desired frequency.  

2.6 Tasks Required to Collect the Data 

The annual tasks to effectively collect data each year are as follows:  

¶ Determine lakes to be included in the study based on budget constraints and volunteer 
availability 

¶ Identify if any lakes require additional collection of data for that year (e.g. more 
frequency or an additional parameter).  

¶ Develop the specific sampling schedule 

¶ Maintain and prepare equipment and bottles and distribute to volunteers 

¶ Train volunteers (workshop/onsite visits ς according to training schedule) 

¶ Conduct monitoring & pick up volunteer sample 

2.7 Decisions Based on Monitoring Program Data  

The monitoring program results will allow Snohomish County to establish the current water 
quality status of each lake, identify long-term water quality trends, and detect specific water 
quality problems. With this information, an appropriate management strategy can be developed 
for each lake using the process outlined in Figure 2-3. The management strategies can then be 
prioritized based to efficiently use limited County resources. Furthermore, the lake information 
will be shared with the public including lake communities so they can also work to protect and 
improve lake water quality.  

Figure 2-3: Management Model for Snohomish County Lake Management Program 
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3 ORGANIZATION AND SCHEDULE 

3.1 Project/Task Organization 

The purpose of this document is to present the Quality Assurance Monitoring Plan (QAMP) for 
collecting water quality and other data to assess the chemical, physical, and biological 
characteristics of select lakes in Snohomish County, Washington.  A volunteer sampling team 
trained and coordinated by technical professionals from Snohomish County will perform water 
quality data and ambient sample collection.  Sampling training and effort will be coordinated by 
the Snohomish County Lakes Management Program Project Manager. 

The organizational aspects of a monitoring program provide the framework for conducting 
tasks.  The organizational structure can also facilitate project performance and adherence to 
quality control (QC) procedures and quality assurance (QA) requirements.  Key project roles are 
filled by those persons responsible for ensuring the collection of valid data and the routine 
assessment of the data for precision and accuracy, as well as the data users and the person(s) 
responsible for approving and accepting final products and deliverables.   The key personnel and 
responsibilities for the Lake Management Program and water quality monitoring for Snohomish 
County are listed in Figure 3-1. 

Figure 3-1:  Project/Task Organization and Responsibility Summary 

Personnel Responsibility Address/E-Mail 
Phone 
Number 

Marisa Burghdoff 
Lake Management 
Project Manager, 
Snohomish County 
 

Overall responsibility for the 
program, including budget 
and staffing 

3000 Rockefeller MS/ 607 
Everett, WA 98201 
marisa.burghdoff@ 
snoco.org 

425-388-3204 
 
 

Jennifer Oden 
Program Technical 
Lead,  
Snohomish County 

Responsible for training 
volunteers, analyzing data and 
coordinating logistical and 
technical elements of the 
program 

3000 Rockefeller MS/ 607 
Everett, WA 98201 
jennifer.oden@snoco.org 
 

425-262-2601 
 
 

Katie Ruthenberg, 
Program Technical 
Lead, 
Snohomish County 

Responsible for training 
volunteers, analyzing data and 
coordinating logistical and 
technical elements of the 
program 

3000 Rockefeller MS/ 607 
Everett, WA 98201 
katie.ruthenberg@ snoco.org 
 

425-262-2907 
 
 

Volunteers of 
Snohomish County 

Responsible for collecting high 
quality lake data 

Various Various 

3.2 Project Schedule & Limitations 

The Snohomish County Lake Monitoring program is a long-term ambient water quality 
monitoring program. The annual schedule of tasks is show in Figure 3-2. Each year the 
implementation of the program as well as the number of lakes that are to be included in the 
program are contingent upon the availability of Surface Water Utility fees to support the 
program.   

mailto:marisa.burghdoff@%20snoco.org
mailto:marisa.burghdoff@%20snoco.org
mailto:jennifer.oden@snoco.org
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Figure 3-2:  Annual Monitoring Program Tasks 

Task Schedule of Task Implementation  

Develop Annual Monitoring Plan & 
Schedule 

March 

Volunteer Recruitment & Training March - May 

Lake Monitoring May ς Oct or year-round (lake dependent) 

Sample Analysis by Lab Within holding time 

Data entry & verification Within 30 days of receipt 

Disposal of samples Upon receipt of payment by Snohomish County to 
the contracted laboratory or otherwise specified 

Annual QC review Nov - Dec 

Data analysis and reporting Jan ς May (following year) 

4 QUALITY OBJECTIVES 

Data quality objectives (DQOs) are qualitative and quantitative statements that clarify the 
intended use of the data, define the types of data needed to support decisions, identify the 
conditions under which the data should be collected, and specify tolerable limits on the 
probability of making a decision error due to uncertainty in the data (if applicable).  Data users 
develop DQOs to specify the data quality and quantity needed to support specific decisions. 

4.1 Decision (Data) Quality Objectives 

Data, or decision, quality objectives determine when data will be used to select between 
management alternatives or to determine compliance with a standard.  Management decisions 
for improving lake quality using monitoring data will require generation of an adequate quantity 
of data influenced by numbers, locations, and frequency of samples from sites that must be 
analyzed.  A set of data eventually used to make management decisions will meet various 
standards or comply with minimum requirements of statistical evaluation and have the ability to 
distinguish between two environmental conditions (e.g., impaired or not-impaired) with an 
acceptable level of uncertainty. 

The quality of an environmental monitoring program can be evaluated in three steps:  

1. Establish scientific assessment quality objectives  
2. Evaluate program design to determine whether the objectives can be met  
3. Implement assessment and measurement quality objectives that can be used to 

evaluate the appropriateness of the methods being used in the program 

The quality of a particular data set is some measure of the types and amount of error associated 
with the data.  Sources of error or uncertainty in statistical inference are commonly grouped 
into two categories: 
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1. Sampling error: The difference between sample values and in situ άǘǊǳŜέ ǾŀƭǳŜǎ caused 
by unknown biases due to sampling design.  Sampling error includes natural variability 
(spatial heterogeneity and temporal variability in population abundance and 
distribution) not specifically accounted for in a design (for design-based inference), and 
variability associated with model parameters or incorrect model specification (for 
model-based inference). 

2. Measurement error: The difference between sample values and in situ άǘǊǳŜέ ǾŀƭǳŜǎ 
associated with the measurement process.  Measurement error includes bias and 
imprecision associated with sampling methodology, specification of the sampling unit, 
sample handling, storage, preservation, identification, instrumentation, and the like. 

Data needs are determined based on the requirements for making local management decisions 
to protect or improve lake water quality and on the criteria for eventual use of lake data in 
regulating impaired lake water quality (e.g., 303d listing process).  The data requirements for 
this program encompass aspects of both laboratory analysis and database management to 
reduce sources of error and uncertainty in the use of the data.  Criteria for identifying impaired 
lake conditions are based on the current 303(d) Listing Policy developed under delegated 
authority by the Washington Department of Ecology 
(https://fortress.wa.gov/ecy/approvedwqa/ApprovedSearch.aspx)  

4.2 Measurement Quality Objectives 

¢ƘŜ avhΩǎ ŦƻǊ ǘƘŜ ƭŀƪŜ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƧŜŎǘ ƘŀǾŜ ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ǘƻ ƛƳǇǊƻǾŜ ǎŀƳǇƭŜ ǇǊŜŎƛǎƛƻƴΣ 
reduce sample bias, and ensure that the sensitivity is high enough to meet the data quality 
objectives. For samples that will be analyzed at a contracted laboratory, quality control samples 
will be required as described in Figure 4-1 ŀƴŘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ avhΩǎ ŀǊŜ ǎƘƻǿ ƛƴ Figure 4-2. The 
avhΩǎ ŦƻǊ ŦƛŜƭŘ ǎŀƳǇƭŜǎ ŀǊŜ ƻǳǘƭƛƴŜŘ ƛƴ Figure 4-3.  

 
Figure 4-1: Laboratory Quality Control Samples 

Type of Quality 
Control Sample 

Description Use 

Method Blank Reagent grade matrix, free of target 
analyte(s). 

Detect the introduction of 
contamination or other artifacts into 
the laboratory sample handling and 
analysis 

Laboratory 
Control Sample 
and Laboratory 
Control 
Duplicate 

Reagent grade matrix that contains 
a known concentration of target 
analyte(s)  

Estimate analytical accuracy and 
precision by comparing measured 
results to actual concentrations. 

Laboratory 
Duplicate 

An aliquot of the field sample, split 
by the laboratory and processed in 
exactly the same manner 

!ǎǎŜǎǎ ǘƘŜ ƭŀōƻǊŀǘƻǊȅΩǎ ǇǊŜŎƛǎƛƻƴ 

Matrix Spike 
and Matrix 
Spike Duplicate 

An aliquot of the field sample to 
which known concentration of 
target analyte(s) are added, 

Assess potential interference from 
the sample matrix. Duplicates are 

https://fortress.wa.gov/ecy/approvedwqa/ApprovedSearch.aspx
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Type of Quality 
Control Sample 

Description Use 

processed in exactly the same 
manner. 

ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ƭŀōƻǊŀǘƻǊȅΩǎ 
precision 

Field Blank Analyte free- deionized water that is 
process in the field in the sample 
manner as a field sample 

Ensure that no contamination was 
introduced during sample collection, 
preservation, and handling. 

Field Duplicate 

 

A split sample, labeled in a similar 
manner as regular samples, 
submitted to laboratory, and 
processed in exactly the same 
manner. 

Assess precision, including variability 
associated with both the laboratory 
analysis and the sample collection 
process 

4.2.1 Precision 

Precision is a measure of the scatter in the data due to random error that is expected primarily 
from sampling and/or analytical procedures.  It is demonstrated by the degree of mutual 
agreement between individual measurements or enumerated values of the same property of a 
sample, usually under demonstrated similar conditions. Precision of sampling methods is 
estimated by taking duplicate samples at the same sampling station (field duplicate) or by 
having duplicate analysis performed on laboratory samples (lab duplicate). Lab duplicates may 
also be performed on other quality control samples that address bias as discussed in Section 
4.2.2 - Bias, which include matrix spike duplicates and laboratory control duplicate).  

Precision is calculated from two duplicate samples by relative percent difference (RPD). This QC 
calculation also addresses uncertainty due to natural variation and sampling error.   

%100
),(

||

21

21 x
CCMean

CC
RPD

-
=

 

where C1 = the first of the two values and;  C2 = the second of the two values. 

If precision is to be calculated from three or more replicate samples (as is often the case in 
laboratory analytical work), the relative standard deviation (RSD) will be calculated as: 

c

s
RSD=

 

Where cis the mean of the replicate samples, and s is the standard deviation and is determined 

by the following equation: 

( )

1

1

2

-

-

=

ä
=

n
SD

n

i

i cc

 

where icis the measured value of the replicate, cis the mean of the measured values, and n is 

the number of replicates. 
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Laboratory duplicates will be analyzed at frequencies shown in Figure 4-2 and 

Figure 4-3. Field duplicates will be collected for approximately 10% of samples. Lab duplicates 
will be run for approximately 10% of the total samples submitted to the lab or at least one per 
sample batch.   

The relative percent difference (RPD) for duplicate samples will be less than or equal to 20 
percent in most cases. The RPD is not appropriate for values in the low sample value range, 
therefore no precision criterion are established for field duplicates when laboratory sample 
results are less than or equal to; 

¶ 0.015 mg/L for total phosphorus and soluble reactive phosphorus 

¶ у ˃Ǝκ[ ŦƻǊ ŎƘƭƻǊƻǇƘȅƭƭ ŀ and phaeophytin a 

¶ 0.5 mg/L for ammonia nitrogen, nitrate-nitrate, and total persulfate nitrogen 

¶ 7 mg/L for alkalinity 

¶ нл ˃Ǝκ[ ŦƻǊ ƛǊƻƴ) 

For in-situ chlorophyll a and phycocyanin measurements, the field readings are strongly 
influenced by the density of algae. Therefore, a sliding scale will be used for precision, 
depending on the levels of chlorophyll a and phycocyanin being measured, as described in 
Figure 4-3. Professional judgment along with the above criteria will be used to determine the 
acceptability of field duplicates.  

4.2.2 Bias 

.ƛŀǎ ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ŎƻƴŦƛŘŜƴŎŜ ǘƘŀǘ ŘŜǎŎǊƛōŜǎ Ƙƻǿ ŎƭƻǎŜ ŀ ƳŜŀǎǳǊŜƳŜƴǘ ƛǎ ǘƻ ƛǘǎ άǘǊǳŜέ ǾŀƭǳŜΦ  
Efforts will be taken to detect and reduce bias in both field measurements, sample transport 
and handling, and lab analysis. Bias in field measurements will be reduced through frequent and 
proper instrument calibration and maintenance procedures. Bias in water quality sampling will 
be reduced through annual staff training on appropriate sampling procedures as well as sample 
transport and storage as outlined in Appendix A ς Snohomish County Lake Monitoring Manual. 
Analytical bias of water quality samples will be reduced by training and adherence to the 
contracted laboratories quality assurance plans. Laboratory check samples, field blanks, and lab 
blanks will be used to provide compliance criteria for bias as shown in Figure 4-1 and Figure 4-3.  

Analytical laboratory bias is normally determined by the percent recovery of the target analyte 
in spiked samples also by the recoveries of the surrogates in all samples and Quality Control 
samples. Laboratory accuracy ranges are specified in the contract laboratory Quality 
Management Plan and depend on the parameter being measured. Calculations for % recovery 
for laboratory control samples (LCS) and matrix spikes (MS) are shown are calculated as follows: 

Ϸ ╡▄╬▫○▄►◐ ╛╒╢
ὥὲὥὰώὸὭὧὥὰ ὶὩίόὰὸ

ὸὶόὩ ὺὥὰόὩ
ὢ ρππ 

 

Ϸ ╡▄╬▫○▄►◐ ╜╢
ίὴὭὯὩὨ ίὥάὴὰὩ ὶὩίόὰὸίὥάὴὰὩ ὶὩίόὰὸ

ὥάέόὲὸ ίὴὭὯὩὨ
ὢ ρππ 

The percent recovery of the matrix spikes and standard reference materials used in laboratory 
control samples will be less than or equal to + 20 percent.  At least one laboratory control 
samples used for analysis of water quality samples should not be greater than 10 times the 
method detection limit. Method blank samples will be analyzed with each batch of samples to 
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detect potential contamination.  Results for method and field blank samples should be less than 
the minimum detection limit for each parameter.     

4.2.3 Sensitivity 

Sensitivity reflects the ability to discern the difference between very small amounts of 
substance. Measurement quality objectives should be expressed at the lowers concentrations of 
interest. The general rule of thumb is to choose a method capable of producing accurate results 
at or near the reference levels. The method would then need to have a detection limit well 
below the reference level.  However, sensitivity is also defined in a specialized sense as the 
lowest concentration of a substance that can be detected. The sensitivity criteria were based on 
these concepts and are outlined for each parameter in Figure 4-2 and Figure 4-3. 

4.3 Representativeness 

Representativeness will be achieved through collection of samples at multiple depths in the 
lake.  Lake conditions can change at increasing depths, representing a naturally-occurring 
environmental gradient.  Seasonal variability will also be addressed by sampling multiple times 
during the year in a pre-defined Index Period. 

Sample representativeness will be addressed at two distinct steps of the data collection process.  
During sample collection, the use of generally accepted sampling procedures (as identified in 
Appendix A ς Snohomish County Lake Monitoring Manual) in a consistent manner throughout 
the project will ensure that representative samples are obtained.  During sub-sampling within 
the laboratory, samples will be mixed by inverting several times to ensure that the analytical 
sub-sample is representative of the sample container contents. 

4.4 Completeness 

Completeness is defined as the percentage of measurements made that are judged to be valid 
according to specific criteria and are entered into the data management system.  Lack of data 
entry into the database will reduce the ability to perform analyses, integrate results, prepare 
reports, and make management decisions.  Therefore, every effort is made to avoid accidental 
or inadvertent sample or data loss.  Accidents during sample transport or lab activities that 
cause the loss of the original samples will result in irreparable loss of data.  Samples will be 
stored and transported in unbreakable (plastic) containers wherever possible.  All sample 
processing (sub-sampling, sorting, identification, and enumeration) will occur in a controlled 
environment within the laboratory.  Field personnel will assign a set of continuous identifiers to 
a batch of samples. 

Percent completeness (%C) for measurement parameters can be defined as follows: 

Ϸὅ
ὠ

Ὕ
ρzππ 

where V = the number of measurements judged valid and T = the total number taken 

For this project, sampling will be considered complete when no less than 90 percent of the 
samples collected during a particular sampling event are judged valid.  At any time where data 
are not complete, decisions regarding re-sampling and/or re-analysis will be made by 
Snohomish County.  These decisions will take into account the project data quality objectives as 
presented above. 
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Completeness will also be judged by comparison to the monitoring parameters and frequency 
laid out in the monitoring schedule.  For this criterion, completeness is defined as the number of 
measurements taken divided by the number of measurements scheduled.  While the goal for 
this criterion is 100 percent completeness, a lower percent completeness may be acceptable for 
a volunteer monitoring program 

4.5 Comparability 

Two data sets are considered to be comparable when there is confidence that the two sets can 
be considered equivalent with respect to the measurement of a specific variable or group of 
variables. Comparability is dependent on the proper design of the sampling program and on 
adherence to accepted sampling techniques, standard operating procedures (SOPs), and QA 
guidelines. 

Data comparability generated among lakes and over time in the Snohomish County Lake 
Management Program will be ensured through the application of standardized sampling 
procedures (Appendix A ς Snohomish County Lake Monitoring Manual), analytical methods, 
units of measurement and detection limits, and adherence to QA guidelines. 
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Figure 4-2:  Measurement Quality Objectives for Laboratory Analysis 

   Precision Bias Sensitivity 

Parameter Matrix 

Frequency of 
Quality 
Assurance 
Checks 

Laboratory 
Duplicatesa  

Field Sample 
Duplicate  

Control 
Standard 

Matrix 
Spike 

Method 
Blanks 

Field 
Blanks 

Minimum 
Detection  
Limitd 

Relative Percent 
Difference (RPD) 

Relative Percent 
Difference (RPD) 

% 
Recovery 
Limits 

% 
Recovery 
Limits 

Units Units Units  

Total 
Phosphorus 

Water 
One per analysis 
batch of 20 
samples 

±20 ±20 b ±10 ±20 < MDL < MDL 0.002 mg/L 

Soluble 
Reactive 
Phosphorus 

Water 
One per analysis 
batch of 20 
samples 

±20 ±20 b ±10 ±20 < MDL < MDL 0.001 mg/L 

Chlorophyll-a Water 
One per analysis 
batch of 20 
samples 

±20 ±20 b N/A N/A < MDL < MDL 0.1 µg/L 

Phaeophytin Water 
One per analysis 
batch of 20 
samples 

±20 ±20 b N/A N/A < MDL < MDL 0.1  µg/L 

Ammonia 
Nitrogen 

Water 
One per analysis 
batch of 20 
samples 

±20 ±20 b ±10 ±20 < MDL < MDL 0.01 mg/L 

Nitrate-
nitrite 

Water 
One per analysis 
batch of 20 
samples 

±20 ±20 b ±10 ±20 < MDL < MDL 0.01 mg/L 



Quality Assurance Monitoring Plan                                                                                  December 2018 Snohomish County Lake Management Program 

11 

 

   Precision Bias Sensitivity 

Parameter Matrix 

Frequency of 
Quality 
Assurance 
Checks 

Laboratory 
Duplicatesa  

Field Sample 
Duplicate  

Control 
Standard 

Matrix 
Spike 

Method 
Blanks 

Field 
Blanks 

Minimum 
Detection  
Limitd 

Relative Percent 
Difference (RPD) 

Relative Percent 
Difference (RPD) 

% 
Recovery 
Limits 

% 
Recovery 
Limits 

Units Units Units  

Total 
Persulfate 
Nitrogen  

Water 
One per analysis 
batch of 20 
samples 

±20 ±20 b ±10 ±20 < MDL < MDL 0.05 mg/L 

Alkalinity Water 
One per analysis 
batch of 20 
samples 

±20 ±20 b ±10 N/A < MDL < MDL 

1.0 

mg/L as 
CaCO3 

Iron Water 
One per analysis 
batch of 20 
samples 

±20 ±20 b ±10 ±20 < MDL < MDL 10 µg/L 

True Color Water 
One per analysis 
batch of 20 
samples 

± c  ±20 c  N/A N/A <MDL <MDL 5 PCU 

a Duplicates includes Laboratory Duplicate (field sample split), Laboratory Control Standard Duplicate and Matrix Spike Duplicate when applicable to the 

analytical method 
b For sample results with low values (< 0.015 mg/L for Total Phosphorus and Soluble Reactive Phosphorus, <8 µg/L for Chlorophyll a and Phaeophytin a, < 0.5 

mg/L for Ammonia Nitrogen, Nitrate-Nitrate, and Total Persulfate Nitrogen,  < 7 mg/L for Alkalinity, and <20 µg/L for Iron), no precision criterion are 
established for field duplicates.  Instead, professional judgment will be used in light of the entire dataset to determine the acceptability of field duplicates. 
c The RPD must be within ±20 for field and analytical duplicates for True Color if the values are greater than 100 PCU.  For samples below 100 PCUs, the 

samples must be within 5 PCUs. 
d Minimum Detection Limit will vary by analytical method used. Methods are listed  
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Figure 4-3:  Measurement Quality Objectives for Field Measurements 

 

a  Bias is ensured by calibrating the instrument before use. 

b  Minimum Detection Limit will vary by analytical method used. Methods are listed in Figure 7-1 
c  in situ chlorophyll is measured by a fluorometer and is affected by cell density.  It is more sensitive at lower algal concentrations.  Therefore, for values less 
than 10 µg/L the acceptability is ±0.5 µg/L; for values between 10 and 50 µg/L the acceptability is ±2 µg/L; for values over 50 µg/L the acceptability is ±5 µg/L. 
d  in situ phycocyanin is measured by a fluorometer and is affected by cell density.  It is more sensitive at lower algal concentrations.  Therefore, for values less 

than 20 units the acceptability is ±2 units; for values between 20 and 100 units the acceptability is ±5 units; for values over 100 the acceptability is ±10 units. 

 Field Duplicate 

Measurement 

Precision Bias Sensitivity 

Parameter Frequency Range of 
Acceptability 

(% Recovery) 

(deviation) 

Unit of Measurement 

Dissolved Oxygen (meter) a 1 per day ±1.0  N/A Minimum detection limit b mg/L 

Conductivity a 
1 per day ±2 N/A Minimum detection limit b 

µmhos/cm 

pH a 1 per day ±0.2  N/A 4.0 pH units 

Temperature a 1 per day ±0.5 N/A 0 oC 

Turbidity  a 1 per day ±2 N/A NTU 

Secchi Disk Transparency 1 per location ±0.1 N/A 0.1 meter 

in situ Chlorophyll a  1 per day ±0.5; ±2; ±5 c N/A 0.03 µg/Ll 

in situ Phycocyanin  1 per day ±2; ±5; ±10 d N/A 0.01 phycocyanin units 

Lake level 1 per day ±0.1  N/A 0.1 feet 
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5 EXPERIMENTAL DESIGN (SAMPLING PROCESS DESIGN) 

The Snohomish County Lake Management monitoring design to effectively and efficiently track the 
long-term health of the majority of Snohomish County Lakes to support effective lake management 
decisions. As discussed in Section 2.3 ς Information & Data Requirements , the program was initially 
ŘŜǎƛƎƴŜŘ ǘƻ ǊŜǇƭƛŎŀǘŜ 9ŎƻƭƻƎȅΩǎ ǎǘŀǘŜǿƛŘŜ ǾƻƭǳƴǘŜŜǊ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳ ŀƴŘ Ƙŀǎ ŜȄǇŀƴŘŜŘ ǘƻ ŀƭƭƻǿ 
for collection of additional parameters and observational data that are the most critical to further 
enhance lake understanding. This design will be applied to all lakes in the County with the exception 
of Lake Stevens. As funding is available the standard monitoring program may be enhanced on an 
annual basis with additional parameters or frequency as discussed in the following sections.  

5.1 Monitoring Responsibility & Training 

The annual sampling plan will identify the sampling responsibility as either a volunteer lake monitor 
or Snohomish County staff. However, Snohomish County staff will conduct monitoring if volunteers 
are not available for a sample event.  

Most monitoring will be conducted by volunteers that are trained as follows:  

¶ All volunteers receive and are required to read Appendix A ς Snohomish County Lake 
Monitoring Manual 

¶ All volunteers receive an on-site training visit to reviŜǿ ŀƴŘ ǇǊŀŎǘƛŎŜ ŀƭƭ {htΩǎ 
according to the following schedule: 

o 1-4 years of volunteering ς site visit conducted every year 
o 5+ years volunteering ς site visit conducted every other year 
o 10+ years volunteering ς case-by-case basis (i.e., every third year) 

¶ If volunteers do not have an on-site training visit, they are required to watch online 
training videos (www.lakes.surfacewater.info) and practice secchi readings with an 
online secchi simulator (http://www.mainevlmp.org/secchi-simulator/) 

¶ A volunteer training workshop is also held each year to review results and resolve 
any issues. The first hour of this workshop is a refresher in monitoring techniques 
especially designed for volunteers with less than 3 years of experience.  

5.2 Monitoring Parameters  

The chemical and physical monitoring parameters along with the observational data to be collected 
are shown in Figure 5-1 includes a description of how the data collected will help to meet the 
ǇǊƻƎǊŀƳΩǎ Ǝƻŀƭǎ ŀƴŘ ƻōƧŜŎǘƛǾŜǎΦ With the exception of observational bird counts, no biological 
parameters are being collected though some parameters (e.g. chlorophyll a) are surrogates for 
biological parameters. 

As noted in the table, some parameters will not be collected at all lakes on an annual basis. There 
are not a sufficient number of dissolved oxygen and temperature meters for all volunteers. These 
are rotated annually to different lakes. Some lake associations have purchased specific equipment to 
be used for their lake and will have data collected every year. Volunteers will not have access to a 
multi-parameter probes capable of collecting conductivity, pH, and in-situ chlorophyll a. These data 
will only be collected by Snohomish County staff and will be dependent upon equipment availability 
on the sampling day. As shown in Figure 5-1, there some parameters (e.g. nitrate/nitrate, soluble 
reactive phosphorus) that could help to inform those results that were not included in the regular 

http://www.lakes.surfacewater.info/
http://www.mainevlmp.org/secchi-simulator/
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sample design largely due to budget constraints. However, as budget allows, these additional 
parameters may be added on an intermittent or rotating basis to provide additional lake health 
information. The depth and frequency of the samples will be specified in the annual sampling 
schedule and will likely correspond to the frequency of comparable parameters specified in Figure 
5-1.  

5.3 Monitoring Schedule  

Lake monitoring will occur in a summer index period of May through October. All field 
measurements and observations will be taken twice a month during this period. The index period 
was chosen to ensure that the beginning and peak of the algal and plankton growth season are 
characterized.  

Water sampling (phosphorus, chlorophyll a, and total nitrogen) will only occur from June through 
September at a frequency of once per month. The timing and frequency correspond to the period of 
interest for phosphorus impairment as describe in Section 1.3 ς Parameters or Contaminants of 
Concern and Related Criteria.  

Each year, a sampling schedule will be developed to identify the time window for the two sampling 
events for each month from May through October. The sample schedule will ensure that there are 
at least two weeks between the sample events. Water samples will be collected on the second 
sampling event of the month. This will ensure consistency and comparability of results between 
years.  

There may be cases where a specific question arises or budget allows for a longer sampling period or 
more frequent samples. Any additions to the sampling frequency or time period will be identified in 
the annual sampling plan.  

5.4 Monitoring  Locations 

All samples and measurements will be taken at the deepest point in the lake to maximize the 
representativeness of the sample. Most observational data will also be taken at the deepest point, 
but some observations (e.g. such as number of boats or waterfowl) may be recorded at any point 
during the monitoring visit. Bathymetric maps that identify sampling locations and public access 
sites for each lake are located in Appendix B - Lake Maps and Monitoring Locations. Standard depths 
for lake measurements and sampling are shown in Figure 5-1. The epilimnion sample depth is 
defined as 1 meter. The hypolimnion is designated at a depth approximately 1 meter from the lake 
bottom as specified in Figure 2-1. 

5.5 Lake Stevens 

Lake Stevens has a unique year-round sampling schedule that is shown in Figure 5-2. Lake Stevens is 
distinct in that it is the largest and deepest waterbody included in the study area. Additional 
monitoring is, in part needed, as the regular sampling design would be inadequate in ensuring the 
data is representative of the lake conditions. In addition, Snohomish County collaborates with the 
City of Lake Stevens to actively manage and reduce the phosphorus pollution to the lake. The 
additional data helps to plan and assess the effectiveness of those efforts.  

5.6 Special Projects 

Occasionally, a need arises to expand the monitoring to meet additional objectives than are 
specified in this document. Special appendices are created for these projects that detail the 
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additional objectives and describes and additional monitoring or parameters deviations from the 
general monitoring plan. These special projects are typically for a limited timeframe. A few small 
projects from the past are found in Appendix C ς Monitoring Protocols for Special Projects (2011).  
Appendix D ς Quality Assurance Project Plan for Lake Ketchum Algae Control Plan Project and 
Appendix E ς Quality Assurance Project Plan for Lake Ketchum Algae Control Implementation Project, 
contain specific QAQC procedures for the Lake Ketchum Algae Control project (2010 and 2013 
respectively). Appendix F contains the Quality Assurance Project Plan for Lake Loma and Sunday 
Lake Algae Control Plans (2018). Additional appendices may be added as new projects occur. 

5.7 Assumptions Underlying Design 

The sample design assumes that monitored lakes are mostly monomictic lakes that stratify in the 
summer months and turnover in the fall or early winter. A few lakes may mix more frequently in the 
summer given their shallow nature. In colder winters, some lakes may also experience short periods 
ƻŦ ǿƛƴǘŜǊ ǎǘǊŀǘƛŦƛŎŀǘƛƻƴ ƛƴ ǘƘŜ ŜǾŜƴǘ ǘƘŀǘ ǘƘŜ ǎǳǊŦŀŎŜ ŦǊŜŜȊŜǎΦ ²ƘƛƭŜ ǘƘŜ ƭŀƪŜ ƛǎ ǎǘǊŀǘƛŦƛŜŘ ƛǘΩǎ ŜȄǇŜŎǘŜŘ 
that phosphorus will accumulate in the hypolimnion as dissolved oxygen depleted throughout the 
summer. 
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Figure 5-1: Snohomish County Lake Monitoring Program Design and Schedule 

Parameter Schedule  Depth Equipment  Purpose 

Observations     

Weather conditions                  
(cloud cover, recent precipitation) 

May ς Oct 
2X per month 

NA NA 
Weather conditions are tracked to help inform and interpret other lake 
measurements, including secchi depth, lake level, and other aspects of lake 
condition.  

Wind Conditions/Wave type May ς Oct 
2X per month 

NA NA Wave action caused is measured as it affect measurement of secchi depth.  

Algae scum/filamentous algae May ς Oct 
2X per month 

NA NA 

Algae scums caused by planktonic algae are noted for staff to respond to potential 
toxic algae blooms as well as to inform total phosphorus, secchi, and chlorophyll a 
results. Filamentous algae (green algae that cannot produce toxins) can be an 
indicator of a localized influx of nutrients as well as an overall health indicator. 

Recreational Suitability and Usage May ς Oct 
2X per month 

NA NA 

Recreational suitability describes perception of the lake recreation suitability 
disregarding poor weather conditions (such as cold water) that can help to inform 
the perception of lake health. Recreation usage records the number of boats, 
people fishing, and swimmers/waders using the lake in the duration of lake 
monitoring. It can be used to prioritize lake management actions. 

Waterfowl May ς Oct 
2X per month 

NA NA 
The number and type of waterfowl using the lake in the duration of lake 
monitoring are used to better understand the ecological role of lakes as well as 
identify a potential nutrient source.  

Algae in water May ς Oct 
2X per month 

6-12 inches 
below 
surface 

Secchi Disk 
High densities of planktonic algae in the top 6-12 inches of water are used to 
assess algae results and inform chlorophyll a, secchi, and total phosphorus 
readings 

Water Color May ς Oct 
2X per month 

Half of 
secchi disk 

reading 
Secchi Disk 

Apparent color or the color of water, as seen by the human eye, is influenced by 
the true color of the lake as well as particles (sediment, algae) that are suspended 
in the water. Changes over time in apparent color can indicate larger changes.  

Lake Odor Jun - Sep 
1X per month 

Hypolimnion Water sampler 
The presence or absence of sulfur-like smell in hypolimnion sample is used as an 
indicator for anoxic conditions in the lake bottom. It can either confirm findings 
from DO/Temperature profiles or be used as a surrogate in its absence.  
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Parameter Schedule  Depth Equipment  Purpose 

Field Measurements     

Water Clarity May ς Oct 
2X per month 

NA Secchi Disk 
Water clarity is a widely-used indicator of lake water quality. Secchi depth 
readings are an indicator of suspended material, sediment, and algae in the water.   

Temperature May ς Oct 
2X per month 

Surface or 
Profile 

Multiprobe or 
Thermometer  

Temperature profiles provide information about how the lake stratifies and 
conditions in the lake that may affect oxygen levels and algae growth. If profiles 
cannot be taken, surface temperatures are taken to indicate how warm or cool 
the lake becomes and how quickly temperature changes throughout the season.  

Dissolved Oxygen May ς Oct 
2X per month 

Profile Multiprobe 

Dissolved oxygen is used to understand how a lake stratifies, which prevents 
oxygen from being re-ǎǳǇǇƭƛŜǎ ŦǊƻƳ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ LǘΩǎ ŜȄŀƳƛƴŜŘ ŀǎ ƛǘ ƛǎ is 
essential for all aquatic life and its presence or absences affects cycling from lake 
sediments especially with regards to phosphorus.  

Conductivity May ς Oct 
2X per month 

Profile Multiprobe 

Conductivity is a ƳŜŀǎǳǊŜ ƻŦ ǿŀǘŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƴŘǳŎǘ ŀƴ ŜƭŜŎǘǊƛŎŀƭ ŎǳǊǊŜƴǘΦ 
Conductivity is related to the concentration and charge of dissolved ions in water 
and provides information on the local geology. An increase can also be an 
indicator of pollution sources.  

pH May ς Oct 
2X per month 

Profile Multiprobe 

The acidity or alkalinity of water can affect the solubility of the water and 
biological availability of chemical constituents and heavy metals. pH can be 
affected by photosynthesis can be affected by aquatic plants and algae, sediment, 
fertilizers, pesticides, septic system effluent, and runoff from development.  

in-situ chlorophyll a1 Jun ς Sep 
1X per month 

Surface or 
Profile 

Multiprobe 
Chlorophyll a is a photosynthetic pigment present is all algae and aquatic plants. 
Because it is present in all algae, it is used as a measure of algae biomass in lakes 
and is used to determine the trophic status of a lake.  

in-situ phycocyanin Jun ς Sep 
2X per month 

Surface or 
Profile 

Handheld 
Fluorometer 

Phycocyanin is a pigment present in cyanobacteria. It is used to measure the 
biomass of cyanobacteria in a lake.  

Lake Level 
As frequently 
as possible 

NA 
Staff plate or 
fixed location 

Lake level indicates the amount of water in the lake and affects lake users and 
residents if too high in the winter or too low in the summer.   

                                                           

1 in-situ chlorophyll a taken when SWM staff has sensor for multiprobe instrument. 
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Parameter Schedule  Depth Equipment  Purpose 

Lab Measurements     

Total Phosphorus, TP Jun - Sep 
1X per month 

Epilimnion & 
Hypolimnion 

Water Sampler 
Phosphorus is a nutrient essential for growth in plants and animals. It is important 
to algae growth and is usually the limiting factor in biological productivity in a 
lake. Too much phosphorus in a lake can lead to nuisance algae blooms. 

Chlorophyll a Jun - Sep 
1X per month 

Epilimnion Water Sampler 
Chlorophyll a is a photosynthetic pigment present is all algae and aquatic plants. 
Because it is present in all algae, it is used as a measure of algae biomass in lakes 
and is used to determine the trophic status of a lake. 

Phaeophytin a Jun - Sep 
1X per month 

Epilimnion Water Sampler 
Phaeophytin a is a molecule formed by the degradation of chlorophyll a. 
Concentrations help understand concentration of active chlorophyll a pigments 
and phaeopigments.  

Total Persulfate Nitrogen Jun - Sep 
1X per month 

Epilimnion Water Sampler 
Nitrogen is a nutrient essential for growth in plants and animals. It is useful to 
assess the ratio between phosphorus and nitrogen to understand the relative 
importance of these nutrients and algal abundance in a lake.  

Soluble Reactive Phosphorus, SRP As Budget 
Allows 

Epilimnion & 
Hypolimnion 

Water Sampler 
Soluble reactive phosphorus is the portion of phosphorus that is immediately 
available for use by algae. Collected for projects that require understanding of 
internal loading. 

Ammonia Nitrogen 
As Budget 

Allows 
Epilimnion & 
Hypolimnion 

Water Sampler 
Ammonia nitrogen is an inorganic form of nitrogen that is collected for projects 
that require understanding of nutrient loading sources and cycling in lakes. 

Nitrate-nitrite 
As Budget 

Allows 
Epilimnion & 
Hypolimnion 

Water Sampler 
Nitrate-nitrite is an inorganic form of nitrogen collected for projects that require 
understanding of nutrient loading sources and cycling in lakes. 

True Color 
As Budget 

Allows (ideally 
every 5 years) 

Epilimnion Water Sampler 
True color is the color of water after all suspended substances that could influence 
the color have been removed. True color is important in understanding trends in 
secchi and chlorophyll a data.  

Alkalinity 
As Budget 

Allows 
Epilimnion Water Sampler 

Alkalƛƴƛǘȅ ƛǎ ŀ ƳŜŀǎǳǊŜ ƻŦ ŀ ƭŀƪŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǊŜǎƛǎǘ ŎƘŀƴƎŜǎ ƛƴ ǇIΣ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ǘƘŜ 
buffering capacity. It is collected to understand buffering capacity of lake to 
determine if a buffer is needed with an alum treatment. 

Iron 
As Budget 

Allows 
Epilimnion & 
Hypolimnion 

Water Sampler 
Iron-bound phosphorus in lake sediments can be released in anoxic conditions. 
Along with analyzing iron in sediment cores, iron in water can be collected to 
understand iron dynamics to determine restoration (aeration, alum) feasibility. 
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Figure 5-2. Lake Stevens Sampling Schedule. 

Water Quality 
Parameter 

Observations 
and Secchi 
Depth 

Surface 
Temperature 

Dissolved 
Oxygen, 
Temperature, 
pH, 
Conductivity 

Phosphorus, Total 
Chlorophyll a 
Phaeophytin 

Total 
Persulfate 
Nitrogen 

Soluble 
Reactive 
Phosphorus 

Measurement 
Type 

Field Field Field Laboratory Laboratory Laboratory Laboratory 

Schedule 
Year-round 

1X per month 

Year-round 

1X per month 

Year-round 

1X per month 

Apr-Nov 

1X per 
month 

Dec-Mar 

1X per month 

Year-round 

1X per month 

Year-round 

1X per month 

Year-round 

1X per month 

Depth NA Surface Profile2 
1, 5, 10, 20, 

30 & 40 
meters 

1, 10, 20, and 
40 meters 

1, 5, & 10 
meters 

1 meter 40 meters 

                                                           

2 Profile readings at Lake Stevens is taken at surface, 1, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, 25, 30, 40, & 44 meters 
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6 SAMPLING PROCEDURES 

Sampling methods focus on characterization of water chemistry (e.g., dissolved oxygen and pH) 
and the physical properties of lake water (e.g., temperature and conductivity).  The collection of 
samples prescribes collection periods, handling procedures, and identification procedures that 
minimize and identify systematic error in the Snohomish County lake monitoring program.  
Performance expectations of the samplers described in this section provides information that 
can be used for data verification and validation. 

Achieving accuracy in data generation begins with a sampling procedure that is well conceived, 
described, and carefully implemented (WSDOE 2001). The following sub-sections of the QAMP 
describe the essential details of the sample collection methods and the sample handling and 
labeling procedures (U.S. EPA 1990).  

6.1 3ÁÍÐÌÉÎÇ /ÐÅÒÁÔÉÏÎ 0ÒÏÃÅÄÕÒÅÓ ɉ3/0ȭÓɊ 

The detailed sampling procedures are found in Appendix A - Snohomish County Lake Monitoring 
Program Monitoring Manual. The sampling locations, sample types, sampling equipment, and 
methods are briefly described in Section 2 - Project Description.   

6.2 Sample Collection and Handling 

Recommended sample sizes, containers, preservation techniques, and holding times for 
measurement of the conventional water quality parameters are listed in Figure 6-1.  Sample 
containers will be kept closed until each set of sample containers is filled.  All samples will be 
placed immediately in a cooler and kept cool and dark until delivered to the lab.  Lake water 
samples will be collected using a vertical water sampler. 

Total phosphorus, soluble reactive phosphorus, and chlorophyll a samples will be collected in 
polyethylene or glass bottles provided by the laboratory.  Sample bottles and laboratory 
glassware for lake-related sampling shall be reserved for ultra-low P waters (i.e. lakes) and can 
never be used for sampling or analyzing wastewater or agricultural runoff where there is a 
potential to exceed 100 µg/l. All phosphorus sample bottles are to be acid washed with 1N HCL 
six times followed by 3 rinses with de-ionized water.  A small amount of magnesium carbonate 
will be added to the chlorophyll a sample bottles for preservation.  

Whenever possible, samples will be processed within the recommended holding time.  
However, due to the nature of a volunteer monitoring program, samples may be taken on 
Saturday morning and not delivered to the laboratory until Monday afternoon, which would 
result in a delay of up to 60 hours until filtration.  The longer time period exceeds the 
recommended holding time of chlorophyll a.  The potential impact on chlorophyll a would be an 
increase in cell lysis (breakdown of the cell wall and leaking of cell contents to the water).  This 
breakdown would take place prior to filtration and would reduce the amount of chlorophyll a 
retained on the filter.  Carlson and Simpson (1996) address this matter in the /ƻƻǊŘƛƴŀǘƻǊΩǎ 
Guide to Volunteer Lake Monitoring Methods.  The first study cited (Herve and Heinonen (1982) 
found that whole-water samples stored at 4°C in the dark can be kept up to 1 day without 
significant degradation of chlorophyll a.  The second study (Weber et al.,1986) found no change 
in refrigerated samples over 18 days.  However, if the samples remained at room temperature 
(20°C), 50% of the chlorophyll degraded in 5 days.  Accordingly, using the Snohomish County 
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lake monitoring procedures, the amount of chlorophyll degradation that may occur between 
sampling and filtering at the lab within 60 hours should be minimal.  Therefore, samples will be 
considered acceptable within 60 hours provided they are kept in a cold dark environment prior 
to filtration. 

Similarly, the recommended holding time for color samples is 24 hours, but samples may not be 
processed for 48 to 60 hours.  The shorter holding time is to account for any changes in color 
that may occur when the sample is exposed to light, potentially breaking down color containing 
compounds.  Since the samples collected are surface water samples and already exposed to light 
(compared to groundwater samples), the opportunity for color degradation is minimal.  
Therefore, water color samples processed within 60 hours of the sample time will be considered 
usable.  Section 9 - Data Management, further outlines how samples that exceed holding times 
will be addressed. 

 

Figure 6-1:  Containers, Preservation Techniques, and Holding times for Water Quality Parameters 

Parameters 
Sample 
Container 

Sample 
Volume 

Preservation 
Recommended 
Holding Time 

Maximum 
Holding 
Time 

      

Total 
Phosphorus 

Polyethylene, 
Glass 

50 ml Cool, 4ºC 48 hours 28 days 

Soluble 
Reactive 
Phosphorus 

Polyethylene, 
Glass 

125 ml 
Filter within 
12 hours, 
Cool 4ºC 

24 hours 48 hours 

Chlorophyll a/ 
Phaeophytin a 

Polyethylene, 
Glass  

1000 ml 

Cool, 4ºC, 
0.2% 
saturated 
MgCO3  

24 hours 60 hours 

Ammonia 
Nitrogen 

Polyethylene, 
Glass 

125 mL Cool, 4° C  24 hours 28 days 

Nitrate-nitrite 
Polyethylene, 
Glass 

125 mL Cool, 4° C  24 hours 28 days 

Total Persulfate 
Nitrogen 

Polyethylene, 
Glass 

125 mL Cool, 4° C  24 hours 28 days 

Alkalinity 
Polyethylene, 
Glass 

100 mL Cool, 4° C 24 hours 14 days 

Iron 
Polyethylene, 
Glass 

125 mL 
Cool, 4° C, 
HNO3 at lab 

6 months 6 months 

True Color 
Polyethylene, 

Glass 
125 mL Cool, 4° C 24 hours 60 hours 
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6.3 Field Recording Methods 

When visiting a sampling station, the sample collector will record the following information on 
water-proof field sheets or into an equivalent electronic field form (Figure 6-2 Figure 6-3). The 
field sheet was developed for volunteer and county staff use. In cases where additional samples 
or observations are added per the annual sampling plan, the field sheet will be adapted to allow 
for additional recording. 

ω Location 
ω Date and Time 
ω Names of sampling personnel 
ω Number/type of samples collected 
ω Weather conditions  
ω Recreational observations and wildlife observations 
ω Descriptions of any photographs taken 
ω On-site field measurements (Secchi disk depth, temperature, water level) 
ω Algal and aquatic plant abundance 
ω Visible color of water 
ω Unusual conditions (changes in land uses, presence of oil sheens, odors, nuisance 

conditions) 

¶ Profiles of dissolved oxygen, temperature, conductivity, and pH (if equipment is 
available) 

¶ Field notes regarding changes to the sampling plan or unusual circumstances which 
affect interpretation of the data (e.g. ice presence on lake). 

6.4 Sampling Identification and Custody 

Each sample bottle will have a waterproof sample identification label or tag.  All sample bottles 
will be labeled before the time of collection.  Sample labels will include station designation 
(including depth), date, time, and type of sample.  Specific analyses to be performed and any 
pertinent remarks will also be recorded on the label. Any issues or concerns regarding the 
sample collection process will be recorded on the data sheet under the comments section and, 
if applicable, will also be noted on the Chain-of-Custody form. If samples are taken by volunteer 
lake monitors, they will be placed outside their residence in a dark cooler and will be 
accompanied by a data sheet which contains the Chain-of-Custody release information. Samples 
will be picked up by Snohomish County staff within 6 hours of being placed outside.  

All water quality samples will be hand delivered to the contract laboratory by Snohomish County 
personnel or picked up by the lab at Snohomish County from a secured sample storage area.  
Samples will be accompanied by the sample tracking forms (or Chain-of-Custody forms) with 
sample numbers, requested analyses, number of bottles, bottle sizes and contact information.  
An example of the chain of custody form currently in use for the Snohomish County Lake 
Management Program is presented in Figure 6-4.  

6.5 Calibration of Equipment 

The calibration of probes for temperature, DO, conductivity, turbidity, pH, in-situ chlorophyll a, 
and phycocyanin will be conducted before each sampling event. Calibration of field instruments 
will be performed ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ŘŜǎƛƎƴŀǘŜŘ ǇǊƻŎŜŘǳǊŜǎ using known buffer 
solutions that are close to the range of expected values (e.g. low ionic strength buffer for 
conductivity). Individual sensors will be considered to be operating correctly if the instrument 
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reading is within 15 percent of the calibration standard value. If the two values are not within 15 
percent of each other, the probe will be cleaned and recalibrated. If these two values are still 
not within 15 percent of each other following cleaning and recalibration, the probe itself will be 
maintained and, if necessary, replaced.  Field measurements that exceed the normal range of 
values for each parameter will require that a calibration check of the instrument be completed 
upon return from the field.  If the calibration check falls outside the acceptable calibration limits, 
the instrument will be re-calibrated and a new field measurement will be taken at the site.  All 
calibration information will be recorded in the calibration log. If field data are outside 
acceptable limits, the data sheet will be annotated with flags to indicate that the data are not 
acceptable. Any remediation actions performed on the instrument will be reflected in the 
instrument maintenance log.   

6.6 Periodic preventative maintenance (PM) of measurement and test equipment 

Periodic regular inspection of equipment and instruments is needed to ensure the satisfactory 
performance of the systems. All field measurement instruments will receive preventive 
ƳŀƛƴǘŜƴŀƴŎŜ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ Each year all sampling 
equipment is checked for functionality by Snohomish County staff during training sessions 
including thermometers, samplers and secchi disks. All dissolved oxygen/temperature meters 
used by the volunteer lake monitors are maintained on an annual basis in March or April prior to 
distribution for the field season. This includes cleaning all probes, changing sensors tips or 
solutions as needed, changing batteries and conducting a calibration check. Sensors used by 
SWM staff on a year-round basis are maintained more frequently. All sensor maintenance 
activities will be tracked in an equipment maintenance log which will include serial numbers, 
manufacturer model number, and year of purchase. 

6.7 Invasive Species Evaluation and Equipment Contamination 

Invasive species are regularly evaluated as part of the Snohomish County Lake Management 
Program. During sampling events at each lake staff and volunteers are noting aquatic species 
observed as part of observations. Volunteers are trained on the highest invasive aquatic species 
of concern for lakes and are encouraged to send it samples of plants or animals that are found 
for identification. Most volunteers have boating equipment that does not leave their lake. 
However, they are trained on boat inspections to reduce the spread of invasive species. 
Snohomish County staff check boat trailers before and after launching at each lake. In addition, 
Snohomish County Surface Water Management has a policy of using separate equipment for 
areas with known infestations of New Zealand Mudsnails (which do not currently occur in lakes)  
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Figure 6-2:  Field Data Sheet (Page 1) 
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Figure 6-3:  Field Data Sheet (page 2) 
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Figure 6-4:  Chain of Custody Used by Snohomish County Lake Management Program 

 

7 MEASUREMENT PROCEDURES 

7.1 Field Measurement Procedures  

Water quality parameters, including pH, dissolved oxygen, conductivity, and temperature, will 
be measured in the field during each sampling event using a YSI®, Hydrolab®, or other similar 
multi-parameter probe.  Procedures describing {htΩǎ ŦƻǊ ŦƛŜƭŘ ƳŜŀǎǳǊements are detailed in 
Section 6 ς Sampling Procedures and Appendix A ς Snohomish County Lake Monitoring Manual. 
All instrument calibration field measurements, calibration procedures, and maintenance are 
fully described in Section 6. 

7.2 Laboratory Analysis Procedures 

All laboratory measurements will be completed by a fully qualified subcontract laboratories that 
is certified by the Washington Department of Ecology Laboratory Accreditation Program. The 
accreditation program should ensure that performance and system audits have verified the 

https://ecology.wa.gov/Regulations-Permits/Permits-certifications/Laboratory-Accreditation
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adequacy of the laboratory standard operating procedures, which include preventative 
maintenance and data reduction procedures. As part of the Snohomish County lab contracting 
process, labs are selected to ensure that the accreditation criteria as well as adherence to the 
laboratory quality assurance processes are satisfied. {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ ƭŀōƻǊŀǘƻǊȅ ǇǊƻǾƛŘŜǊs 
have included IEH (formerly Aquatic Research Inc) and AmTest Inc.  

All analysis methods used for this project are standard analytical methods approved for use by 
the EPA and Ecology and are classified as an EPA Method (https://www.epa.gov/cwa-methods) 
or as Standard Methods (Rice et al. 2012). The analytical chemistry methods including sample 
preparation procedures (if applicable) are shown in Figure 7-1. All sample volume requirements, 
ŘŜǘŜŎǘƛƻƴ ƭƛƳƛǘǎΣ ŀƴŘ ƘƻƭŘƛƴƎ ǘƛƳŜǎΣ ǿƛƭƭ ōŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ƭŀōƻǊŀǘƻǊȅΩǎ v! ŀƴŘ v/ Ǉƭŀƴǎ ŀƴŘ 
SOPs.  

 

 

 

https://www.epa.gov/cwa-methods
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Figure 7-1:  Analytical Methods and Reporting Limits for Lake Monitoring Program 

Water Quality 
Parameter1,2 

Delivery Schedule Reporting 
Limit 

Units Field Preparation Method 

Total Phosphorus 
(TP) 

24 hours ς 28 days  
0.002 mg/L 

Cool 4 °C Automated, ascorbic acid reduction SM4500PF 
or PE specifically employing a 10cm path length 
photocell for spectro-analysis 

Soluble Reactive 
Phosphorus (SRP) 

24 - 48 hours 
0.001 mg/L 

Cool 4 °C Automated, ascorbic acid reduction SM4500PF 
or PE specifically employing a 10cm path length 
photocell for spectro-analysis 

Ammonia 
Nitrogen 

24 hours ς 28 days  
0.01 mg/L 

Cool 4 °C 
Automated cadmium reduction SM4500NH3H 

Nitrate-nitrite 24 hours ς 28 days  0.01 mg/L Cool 4 °C Automated cadmium reduction SM4500NO3F 

Total Persulfate 
Nitrogen (TPN) 

24 hours ς 28 days  
0.05 mg/L 

Cool 4 °C 
Automated, cadmium reduction SM4500NC 

Alkalinity 
24 hours ς 14 days  

1 
mg/L as 
CaCO3 

Cool 4 °C 
Titration SM2320B 

Chlorophyll a 
24 ς 60 hours 

0.1 µg/L 
Preserved with 
0.2% saturated 
MgCO3; Cool 4 °C 

Trichromatic SM10200H; Prior to analysis, all 
filters must be frozen and undergo sonic probe 
cellular disruption 

Phaeophytin a 
24 ς 60 hours 

0.1 µg/L 
Preserved with 
0.2% saturated 
MgCO3; Cool 4 °C 

Trichromatic 

SM18-10200H 

Iron 
24 hours ς 6 
months 

10 µg/L 
Cool 4 °C 

EPA 200.7 or 200.8 
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Water Quality 
Parameter1,2 

Delivery Schedule Reporting 
Limit 

Units Field Preparation Method 

True Color 
24 ς 60 hours 

5 PCU 
Cool 4 °C Visual Comparison 

SM2120B or EPA 110.2 

Dissolved Oxygen in situ 0.01  mg/L NA dissolved oxygen meter 

Conductivity in situ 5 µmhos/cm NA Conductivity meter 

pH in situ 0.1 pH units NA pH meter 

Turbidity in situ 0.1 NTU NA Turbidity meter 

Temperature 
in situ 0.5 

°C 
NA Thermometer 

in situ 0.01 NA Thermistor 

Secchi Disk 
Transparency 

in situ 
0.1 m 

NA 
Black/White Secchi Disk 

in-situ   
chlorophyll a 

in situ 
0.03 µg/l 

NA 
Fluorometer  (460/685 nm) 

in-situ 
phycocyanin 

in situ 
0.01 

Fluorescence 
units 

NA 
Fluorometer (590/650 nm) 

Lake level in situ 0.1 feet NA Staff Plate or pressure transducer gage 

1 sample matrix for all samples is fresh water 
2 refer to the annual sampling plan for number of samples collected and expected arrival dates 
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Figure 7-2: Expected Range of Results by Parameter   

Lake Secchi TP Epi TP Hypo3 TPN Chl a3, 4 

Armstrong 0.5 - 5.0 5 - 50 <1000 200 - 750 <30 

Beecher 0.5 - 3.0 5 - 50 <150 200 - 750  

Blackmans 1.0 - 8.0 1 - 25 <300 200 - 750 <30 

Bosworth 1.0 - 8.0 1 - 25 <75 200 - 750 <10 

Bryant 0.5 - 5.0 5 - 50 <300 300 - 1500 <30 

Cassidy 0.5 - 5.0 5 - 50 <300 300 - 1500 <75 

Chain 0.5 - 5.0 1 - 25 <150 200 - 750 <75 

Cochran 1.0 - 8.0 1 - 25 <75 200 - 750 <20 

Crabapple 1.0 - 8.0 1 - 25 <75 300 - 1500 <20 

Crystal 0.5 - 5.0 1 - 25 <300 200 - 750 <20 

Echo 1.0 - 8.0 1 - 25 <75 200 - 750 <20 

Flowing 1.0 - 8.0 1 - 25 <150 100 - 500 <20 

Gissberg N. 1.0 - 8.0 1 - 25  -  100 - 500 <20 

Gissberg S. 1.0 - 4.7 1 - 25  -  100 - 500 <10 

Goodwin 2.0 - 10.0 1 - 25 <75 100 - 500 <10 

Hilton N. 0.5 - 2.5  -   -  - - 

Hilton S. 0.5 - 3.5  -   -  - - 

Howard 1.0 - 8.0 1 - 25 <500 200 - 750 <20 

Kayak 0.5 - 5.0 5 - 50 <300 - - 

Ketchum 0.5 - 5.0 1 - 25 <75 200 - 750 <20 

Ki 2.0 - 10.0 1 - 25 <75 100 - 500 <10 

Little Martha 0.5 - 5.0 5 - 50 <75 300 - 1500 - 

Loma 0.5 - 5.0 10 - 100 <150 300 - 1500 - 

Lost 0.5 - 5.0 5 - 50 <500 300 - 1500 <30 

Martha N. 1.0 - 8.0 1 - 25 <150 200 - 750 <20 

Martha S. 2.0 - 10.0 1 - 25 <75 200 - 750 <10 

Meadow 0.5 - 5.0 10 - 100 <300 - - 

Nina 1.0 - 8.0 1 - 25 <150 100 - 500 <10 

Panther 1.0 - 8.0 1 - 25 <150 100 - 500 <20 

Riley 0.5 - 5.0 1 - 25 <150 200 - 750 <20 

Roesiger N. 2.0 - 10.0 1 - 25 <150 100 - 500 <20 

Roesiger S. 2.0 - 10.0 1 - 25 <75 100 - 500 <20 

Rowland 0.5 - 5.0 5 - 50 <500 - - 

Ruggs 0.5 - 5.0 5 - 50 <150 200 - 750  

Serene 1.0 - 8.0 1 - 25 <75 100 - 500 <10 

Shoecraft 1.0 - 8.0 1 - 25 <75 100 - 500 <10 

Stevens 2.7 - 10 1 - 25 <75 100 - 500 <10 

Stickney 1.6 - 4.4 1 - 25 <500 200 - 750 <20 

Storm 1.3 - 5.2 1 - 25 <75 200 - 750 <20 

Sunday 0.5 - 4.4 5 - 50 <1000 300 - 1500 <75 

Wagner 1.8 - 5 1 - 25 <150 100 - 500 <30 
                                                           

3 Non-detects would also be outside expected value; 4 Higher values should be confirmed by looking at other field indicators 
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8 QUALITY CONTROL (QC) PROCEDURES 

8.1 Field Quality Control Procedures 

Prior to sampling, the sampling personnel will verify that they have all equipment on the 
checklist, including the correct field data sheets, the correct sample containers, the correct 
sampling equipment, and a transport container with ice or ice packs.  All sampling equipment 
will be checked and be known to be in good working order before it is taken into the field. 
Quality control activities in the field will include adherence to documented procedures and the 
comprehensive documentation of sample collection information included in the field sheets.  A 
rigidly enforced chain-of-custody program will ensure sample integrity and identification.  The 
chain-of-custody procedure documents the handling of each sample from the time the sample is 
collected to the arrival of the sample at the laboratory. 

All meters used in the field will be calibrated prior to deployment as specified in Section 6.5 - 
Calibration of Equipment. Duplicate measurement will be conducted at a frequency of once per 
day as specified in Figure 4-3. 

Preferably, the field duplicate will be taken at the first sample site each day to ensure precision 
prior to use at all sites. The field duplicate should be taken in either the epilimnion or 
hypolimnion of the lake and not in the metalimnion.  The high degree of spatial variability in the 
metalimnion would make assessing the precision of measurements difficult as even slight 
changes in depth could affect the temperature or dissolved oxygen readings. 

8.2 Laboratory Quality Control Procedures 

As described in Section 7.2 - Laboratory Analysis Procedures, all laboratory measurements will 
be completed by a fully qualified subcontract laboratories that is certified by the Washington 
Department of Ecology Laboratory Accreditation Program and all analysis methods used for this 
project are standard analytical methods as shown Figure 7-1. As part of the Snohomish County 
lab contracting process, labs are selected to ensure that the accreditation criteria as well as 
adherence to the laboratory quality assurance processes outlined in this document are satisfied. 
At this time, {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ lab providers have included IEH (formerly Aquatic Research 
Inc.) and AmTest Inc. 

The laboratory routinely performs QC procedures as part of sample analysis as outlined in the 
labs quality assurance plan. The types, frequency, and purpose of lab QC checks required for this 
project are included in Figure 4-2. 

8.3 Records and Documentation 

All analytical methods will be completely documented and referenced.  Any deviation or 
modification from the written protocol will be noted and explained.  The laboratory log will 
contain information that allows analytical results to be traced to specific samples and their 
appropriate field logs.  Equipment, reagents, and other materials used will be recorded by the 
laboratory analyst. 

Records of calculation will be maintained by the analytical laboratory.  The calculation records 
will include the name and signature of the person performing the calculations.  The sources of 
all data and assumptions in the calculations will also be noted.  Any corrections to the 
calculation will be signed and dated with explanatory notes.  Equipment and instrument logs will 
also be maintained and will include serial numbers, manufacturer, model number, and date of 
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production.  All maintenance and calibration protocols will be documented and their service 
checks will be recorded.  Any deviations from written protocol will be recorded by the analyst.  
Calibration of equipment and instruments will be conducted by comparison with standards from 
the National Bureau of Standards. 

8.4 Corrective Actions 

Results from quality control samples enable the assessment of quality assurance parameters to 
meet data accuracy and precision requirements. If quality control issues are identified, the 
Technical Lead will review all field and laboratory records to determine the cause. If field 
sampling techniques are found to be the source of error, corrective actions may include 
additional volunteer or staff training or revision of field procedures. If equipment failures are 
limiting the usability of the data, calibration and maintenance procedures will be reviewed and 
changed as needed. If laboratory QA/QC procedures do not meet the specified criteria, the 
ƭŀōƻǊŀǘƻǊȅ ǿƛƭƭ ǘŀƪŜ ŎƻǊǊŜŎǘƛǾŜ ŀŎǘƛƻƴ ŀǎ ƻǳǘƭƛƴŜŘ ƛƴ ǘƘŜ ƭŀōΩǎ v!κv/ Ǉƭan, which may include re-
analysis of samples and revision of analytical procedures.  Computerized data plots may be used 
as an additional tool for rapid identification of outliers following data entry.  Any changes or 
modifications to quality control procedures will be approved by the Project Manager prior to 
inclusion in the QAMP.  
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9 DATA MANAGEMENT 

Snohomish County holds responsibility for overall data management and processing.  

The following is a list of data information that will be kept by Snohomish County management or 
the contract laboratory for review upon request: 

ω Field equipment maintenance, cleaning and calibration records 
ω Field data sheets 
ω Photographs of sampling stations and events (whenever photographs are taken) 
ω Chain-of-Custody forms 
ω Laboratory equipment maintenance, cleaning and calibration records 
ω Laboratory bench sheets, control charts, and SOPs 
ω Records of QA/QC problems and corrective actions (field and/or laboratory) 
ω Laboratory data QC records 
ω Records of data review sheets 
ω Duplicate, performance evaluation records and other QA/QC control records (field and 

laboratory) 
ω Data review, verification and validation records 

9.1 Recording Field Data 

All field measurements and observational data will be verified and any missing or incorrect data 
will be corrected prior to leaving the sampling site.  Snohomish County staff will also promptly 
review field data sheets submitted by volunteers.  The volunteer data will be examined for 
errors, omissions, and general accuracy.  All attempts will be made to correct or verify 
erroneous data points before being accepted. As appropriate, all questionable field data will be 
discarded or identified as unverified. 

Field data will be recorded on Rite in the Rain paper.  Entries will be made in ink or pencil, and 
will not be erased. Changes will be made by crossing out errors, initialing, and adding correct 
information.  Any procedural or equipment problems will be recorded as comments on the field 
sheets.  Any deviation from the monitoring procedures described in Appendix A ς Snohomish 
County Lake Monitoring Manual will also be noted in the field sheets.  Data results will include 
information on field and/or laboratory QA/QC problems and corrective actions. 

9.2 Laboratory Data Format 

Water quality data reduction, review, and reporting will be performed under the contract 
ƭŀōƻǊŀǘƻǊȅΩǎ ǎǘŀƴŘŀǊŘ ƻǇŜǊŀǘƛƴƎ ǇǊƻŎŜŘǳǊŜǎΦ  ¢ƘŜ ƭŀōƻǊŀǘƻǊȅ ǿƛƭƭ ōŜ ǊŜǉǳƛǊŜŘ ǘƻ ǎǳōƳƛǘ ǊŜǎǳƭǘǎ 
that are supported by sufficient backup data and quality assurance results to enable reviewers 
to determine conclusively the quality of the data.  The QA/QC data must include information on 
the parameters analyzed, the method used with their detection limits, and an analysis of 
duplicates, spiked samples, QC check samples, and blanks.  If problems are detected in the data, 
the data results should include a case narrative that describes corrective actions taken with 
changes to any referenced method. The data report shall also include a description of any data 
qualifiers. An example QA/QC data report provided by Aquatic Research, Inc. is presented in 
Figure 9-1. Data will be reported in the in the specified format for import to {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ 
water quality database. 
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9.3 Transfer of field data to local database Electronic Data to Local Database 

Upon approval of quality and completeness, the data are entered into {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ 
water quality database for storage, retrieval, and manipulation.  Field data will be uploaded to 
the database via an importer spreadsheet. The spreadsheet will either populated via download 
from an electronic field form or hand entry. Prior to upload all data will be checked against 
original field or lab data forms for accuracy. The check will be completed by a staff member who 
did not originally enter the data. 

9.4 Transfer of laboratory data to local database 

Upon approval of quality and completeness, lab data will be uploaded into {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ 
water quality database for storage, retrieval, and manipulation. Quality assurance flags along with 
descriptions of problems will be included in the data upload. When required by grant projects, 
data will be transferred to Ecology for upload to their Environmental Information Management 
(EIM) system. The export will be provided in a spreadsheet consistent with the current EIM 
standards.  
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Figure 9-1:  Sample QA/QC report from Aquatic Research Inc. 
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10 AUDITS and REPORTS 

The purpose of audits and reports is to ensure that the QAMP is implemented correctly, that the 
data obtained are acceptable, and that any problems detected are addressed in a timely manner 
(WSDOE, 2004).  

10.1 Audits 

Should the sampling staff, laboratory personnel or Technical Lead find errors in sampling or 
analysis, the Technical Lead will notify the Project Manager and the source responsible for the 
error or deficiency and recommend steps to correct the deficiency.  The responsible party will 
then take action to correct the problem and will report corrections to the Technical Lead and 
Project Manager. 

The Technical Lead will review the QA/QC procedures used for the sampling and analytical 
program.  Procedures for this review, included in Section 8 - Quality Control Procedures, will 
meet the data quality criteria specified in Section 3.2 - Data Quality Objectives.  The Technical 
Lead will report these assessment records in annual reports. 

Snohomish County may conduct a technical systems or proficiency testing audit of the QAMP 
following significant updates to the plan or identification of a potential problem.  The audit will 
be initiated by the program Technical Lead as identified in Figure 3-1 and will use an external 
reviewer for the audit. 

10.2 Reports 

Sampling results will be summarized in the annual reports completed for this program.  These 
reports will include the field and laboratory results of project assessments listed above.  Reports 
will be submitted to the Project Manager.  Email updates will be submitted to the Project 
Manager after each sampling event providing notification of any issues or problems for which 
corrective actions have been taken.  The results of all corrective actions or data quality 
assessments will be reported to the Project Manager upon completion. 

Reports on the performance of measurement systems will be conducted in conjunction with 
larger scale data and trends analysis as needed.  The specific nature of the QA reports will 
depend on the parameters being analyzed, but will generally include the following information: 

ω Assessment of data accuracy and completeness; 
ω Results of technical systems audits; 
ω Significant QA problems and corrective actions taken; and 
ω Analysis of the ability of the monitoring program to meet goals of the project 
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11 DATA VERIFICATION AND ANALYSIS 

Data verification and validation includes completeness of data entry into a data management 
system, correctness of data entry, and assurance that entries fall within the expected range for 
each analyte.  These exercises prevent generation of poor results when analyzing data for cause-
and-effect relationships or for status of environmental resources.  Missing or incorrect data can 
bias description of environmental resources and result in false conclusions. 

11.1 Data Verification Procedures 

The following procedures will be used to determine if data meet the measurement and data 
quality objectives and criteria specified in Section 4.2 ς Measurement Quality Objectives. Field 
and lab data will be subjected to an intensive quality assurance review and validation by 
Snohomish County staff.  Field data will be verified in the field prior to leaving the site for data 
collected by Snohomish County staff. Volunteer-collected field data will be verified upon receipt 
from Snohomish County. Lab data verification will occur once that data package is obtained 
from the analytical laboratory.  

A thorough analysis of the following QC parameters will be conducted as follows:  

ω Field sample collection and preservation procedures to determine whether they were 
completed in accordance with the analytical methods. 

ω Chain-of-custody documentation to ensure control and custody of the samples was 
maintained. 

ω Sample holding times between sample collection, extraction, and analysis (see Figure 
6-1, Section 6 - Sampling Procedures). 

ω Sample temperature upon receipt at the contract laboratory. 
ω Check that the analytical methods and method detection limits reported are in 

accordance with Figure 7-1.  
ω Check if lab QC were ran on specified field sample (if applicable) 
ω Check all Laboratory QC parameters (described in Figure 4-1) 

o Laboratory method blank samples are below method detection limits 
ω Laboratory QC samples meet acceptance limits in Figure 4-2 
ω Check all Field QC parameters 

o Field Blanks are below method detection limits 
o Field Duplicate RPDs meet acceptance limits in Figure 4-3 

ω Check if lab qualified and reported all errant lab QC results 
ω Check results in comparison to the expected results for each parameter show in Figure 

7-2. If outside expected ranges, compare to field results, lab QC checks etc. to 
determine usability.  

11.2 Data Qualification 

Qualifiers will be applied to QC samples when acceptance criteria are not met and corrective 
action is not performed or is unsuccessful (Figure 11-1).  These same qualifiers will be applied to 
the associated sample data. The potential data qualifiers are listed in Figure 11-1 and were 
selected to be consisteƴǘ ǿƛǘƘ 9ŎƻƭƻƎȅΩǎ 9La ŘŀǘŀōŀǎŜΦ Figure 11-2 provide guidelines for 
applying data qualifiers based on the quality control concern. Samples may have more than one 
qualifier applied. Professional judgment that takes into account the lab and field narratives, the 
scope of issues, as well as the specific lake conditions will be used in making final qualifier 
decisions. If data are determined to be un-usable, they will be entered into the database (for 
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ŎƻƳǇƭƛŀƴŎŜ ǿƛǘƘ ǘƘŜ v!κv/ ŜƭŜƳŜƴǘ ά/ƻƳǇƭŜǘŜƴŜǎǎέύΣ ōǳǘ ǘƘŜ ǾŀƭǳŜǎ ǿƛll not be used in future 
reporting or trend analysis.  The values will be flagged with άREJέ as un-usable and appropriate 
notes will be entered explaining the nature of the potential errors. For results in which the 
analyte was reported as less than the detection limit, the results will be entered in the database 
as equal to the detection limit and flagged accordingly.   
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Figure 11-1:  Data Qualifiers 

Qualifier Description 

J The analyte was positively identified, the quantification is estimated. 

U The analyte was analyzed for, but not detected.  The associated numerical value is 
at or below the method detection limit (MDL). 

UJ The analyte was analyzed for, but not detected and quantification is estimated 

REJ The data are unusable due to deficiencies in the ability to analyze the sample and 
meet QC criteria. 

B The analyte was found in an associated blank, as well as in the sample. 

H Analysis was performed outside of the recommended holding time. 

 

 

Figure 11-2: Application of Data Qualifiers for Quality Control Conditions 

QC Category Quality Control Condition Quality Control Description 
Qualifier 

Code 
Applied 

Non-Detect Result is non-detect 
Target analyte was not detected at a level above the 
Method Detection Level (MDL) [sample value will be 
entered as detection limit] 

U 

Hold Time 
Method Specific Hold 
Time Not Met 

Sample analysis performed past the method specific 
hold time, data is usable 

H 

Sample analysis performed past the method specific 
hold time; sample result is unusable 

REJ 

Hold Temp 

  

Hold Temperature Not 
Met 

Sample exceeded method specific hold temperature 
upon receipt of laboratory; sample result is an estimate 

J 

Hold Temp 

 

Hold Temperature 
Unknown 

Method specific hold temperature for sample is 
unknown, sample result is an estimate 

J 

COC Actions 
Sample Not Analyzed 
with Method On COC 

Sample was analyzed with a method that differs from 
the dataset; methods are comparable and sample 
result is an estimate 

J 

Sample was analyzed with a method that differs from 
the dataset; methods are not comparable and sample 
result is unusable 

REJ 

COC Actions 
Sample Date/Time Does 
Not Match the COC 

Date and/or time information for sample collection 
does not match the COC; sample result is an estimate 

J 
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QC Category Quality Control Condition Quality Control Description 
Qualifier 

Code 
Applied 

Lab Duplicate 
Lab Dup RPD Outside 
Acceptance Limits 

Laboratory Duplicate RPD exceeds acceptance limits; 
sample result is an estimate 

J 

Lab Matrix 
Spike 

Matrix Spike Recovery 
Outside Acceptance 
Limits 

Matrix Spike recovery is outside acceptance limits; 
sample result is an estimate 

J 

Lab Matrix 
Spike 
Duplicate 

Matrix Dup RPD Outside 
Acceptance Limits 

Matrix Spike duplicate RPD exceeds acceptance limits; 
sample result is an estimate 

J 

Lab Standard 
Reference 
Material 

Standard Reference 
Material Outside 
Acceptance Limits 

Standard reference material recoveries are outside 
acceptance limits; sample is unusable 

REJ 

Laboratory 
Method 
Blank  

Detection in method 
blank 

Target analyte was detected in the method blank; 
sample result is non-detect and data not impacted 

U 

Target analyte was detected in the method blank; data 
impact unknown 

B 

Target analyte was detected in the method blank and 
the sample result is greater than or equal to 10x the 
blank result; sample result is an estimate 

J 

Target analyte was detected in the method blank and 
the sample result is  less than 10x the blank result; 
sample result is unusable 

REJ 

Field Blank 
Detection in the field 
blank 

Target analyte was detected in the field blank and the 
sample result is greater than or equal to 10x the blank 
result; sample result is an estimate 

J 

Target analyte was detected in the field blank and the 
sample result is  less than 10x the blank result; sample 
result is unusable 

REJ 

Expected 
Ranges 

Value outside of 
expected ranges 

Values are outside of expected range, value plausible J 

Values outside expected range, data unusable REJ 
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11.3 Data Validation Procedures 

The procedures outlined in Section 3.2 ς Data Quality Objectives will largely be used to 
determine if data quality objectives have been met with regards to bias, precision and sensitivity 
and to determine whether data will be usable.  Additional statistical analysis, as highlighted in 
Appendix E ς QA Project Plan AD for Lake Ketchum Algae Control Implementation Project, of 
²ŀǎƘƛƴƎǘƻƴ {ǘŀǘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ŎƻƭƻƎȅΩǎ v! tǊƻƧŜŎǘ tƭŀƴ ƎǳƛŘŜƭƛƴŜǎ όнллмύΣ Ƴŀȅ ŀƭǎƻ ōŜ ǳǎŜŘ 
to assess whether overall data quality objectives were met. Completeness will also be judged by 
comparison to the parameters and frequency laid out in the annual monitoring plan. 

Sample representativeness will be assessed throughout the process by ensuring that sampling 
procedures are applied in a consistent manner throughout the project.  The usable data will also 
be assessed to ensure that the final data set accounts for variability in lake depth and 
ǎŜŀǎƻƴŀƭƛǘȅΦ  ¢ƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ Řŀǘŀ ǘƻ ƳŜŜǘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ Ǝƻŀƭǎ ƛƴ ǊŜƎards to representativeness 
may be dependent on the specific use of the data. 

Data comparability will be ensured through the application of standard sampling procedures, 
analytical methods, units of measurement and detection limits throughout the duration of the 
project.  If any change is made to the aforementioned procedure, the Project Manager will 
ensure that comparability is maintained. 

 

11.3.1 Reconciliation with User Requirements 

The Project Manager will review all data deliverables upon receipt from the lab.  Laboratory 
results will be checked for data qualifiers entered by the lab to ensure that sample collection 
and preservation procedures were adequate and that laboratory analysis procedures met 
measurement quality objectives.  Any outstanding issues will be addressed immediately with the 
lab and/or sampling staff to ensure that project measurement quality objectives are met. 

The Project Manager and Technical Lead will review and validate the data during interim 
reporting and final reporting stages of the project.  If there are any problems with quality 
sampling and analysis, these issues will be addressed immediately and methods will be modified 
to ensure that data quality objectives are being met.  Modifications to monitoring will require 
notification to the Project Manager and subsequent edits to the approved QAMP. 
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12 DATA QUALITY (USABILITY) ASSESSMENT 

Data Quality (Usability) Assessment is completed to determine if the validated data can be used 
to meet the goals and objectives of the project and thus are of the right type, quality, and 
quantity to support their intended use.  This is the final assessment of the data and includes 
determining if sufficient data were collected, whether the study questions can be answered, and 
whether the necessary decisions can be made with the desired confidence. One of the decisions 
stemming from sampling and analysis of surface water and water column profiles in each lake 
during the Index Period is to directly measure condition status and trends in water quality over 
time.  Any changes in water quality will be further investigated with respect to changes in 
human land use and activities that would explain the trends. 

12.1 Data Quality Objectives Evaluation 

To ensure that data are usable to meet the goals and objectives of the Lake Management 
Program, the following evaluations will be conducted each year by a technical lead: 

ω Determine if data collected using the current sampling design produce adequate 
descriptions for lake condition or status including any identified anomalies. 

ω Determine if current characterizations for each parameter are adequate for detecting 
trends over time. 

ω Evaluate data, using the current sampling design, and generate trend analysis using 
statistical applications (e.g., a minimum of 5 to 7 years of data are necessary to generate 
a meaningful trend evaluation; seasonal Kendall trend test non-parametric application 
for evaluating trends in data sets). 

ω Determine if status assessments can be related statistically to potential causal factors in 
or next to a lake basin through regression or non-parametric modeling techniques.  

12.2 Selection/Appl ication of Statistical Methods 

Status of water quality conditions in lakes can be described using descriptive statistics (e.g., 
mean, median, standard deviation, and coefficient of variation).  The most useful of status 
comparisons are made for each lake visited during the Index Period within a year.  Applications, 
such as the Box-and-Whisker plots, are useful for summarizing lake condition status from results 
obtained over several years. When conducting analysis, non-detects will be treated as equal to 
the minimum detection limit.  

Following collection of data from a lake over several years, analysis for trends in individual 
parameters can be made using a non-parametric test such as the seasonal Kendall-ˍŀǳΦ  
Normally, multiple observations acquired from each lake during each year are necessary to 
reach an optimum quantity of data to meet minimum assumptions for use of this test.  This 
method for analysis is described in greater detail in WSDOE (2003). Plots will be made showing 
the summer annual averages with trend lines and, if significant, the associated p values. In 
addition, plots by parameter of all lakes will be created that show long-term averages, with 
minimum maximum bars.  

Depth profiles of lakes over space or time can be described using a two dimensional plot over 
the course of the season. Alternatively, a three-ŘƛƳŜƴǎƛƻƴŀƭ Ǉƭƻǘ ƛƴǾƻƭǾƛƴƎ άƪǊƛŜƎƛƴƎέΦ  ¢Ƙƛǎ 
means that a color-coded diagram that reports on individual physicochemical conditions at 
depth and over time (or space) can reveal the patterns in a cross-section (or slice) of the lake.  
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This is especially useful when determining if stratification exists in a lake and how this influences 
other chemical and physical characteristics throughout the water column. 

12.3 Interpretation & Reporting of Data 

Short-term data collection strictly enables the description for status of lake condition.  If data 
collection efforts on an individual lake have been less than a five-year period, then status 
descriptions will be most appropriate.  As the volume of data reaches a minimum for application 
of a trend analysis for a parameter, then statistical evaluations for change of surface water 
quality over time can be made. 

Results from either of these statistical analyses can be used for comparison with changing 
landscape pattern and human activities that influence lake water quality conditions.  Evaluation 
for the convergence of specific human activities and status of lake water quality can determine 
if correlates exist and if these relationships are consistent among several of the lake settings 
sampled for this program.  These kinds of correlations between human activity and water 
quality conditions are the basis for making objective lake management decisions. 

Results will be compiled in reports with descriptive text and graphs that will be accessible to 
internal staff for decision making as well as external partners. Easier to understand versions will 
also be created for the public. All data will also be publically available and downloadable from 
ǘƘŜ {ƴƻƘƻƳƛǎƘ /ƻǳƴǘȅΩǎ ƻƴƭƛƴŜ ǇƻǊǘŀƭ ǘƻ ƛǘǎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ŘŀǘŀōŀǎŜΦ  

13 CITED REFERENCES 

1. Bortleson, G.C., Dion, N.P., McConnell, J.B., and Nelson, L.M. 1976. Reconnaissance Data 
on Lakes in Washington, Volume 2, King and Snohomish Counties. Washington State 
Department of Ecology Water Supply Bulletin 43, Vol. 2. 

2. /ŀǊƭǎƻƴΣ wΦ9Φ ŀƴŘ WΦ {ƛƳǇǎƻƴΦ  мффсΦ  ! /ƻƻǊŘƛƴŀǘƻǊΩǎ DǳƛŘŜ ǘƻ ±ƻƭǳƴǘŜŜǊ [ŀƪŜ aƻƴƛǘƻǊƛƴƎ 
Methods. North American Lake Management Society.  96 pp. 

3. Herve, S. and P. Heinonen.  1982.  Some factors affecting the determination of 
chlorophyll a in algal samples.  Ann. Bot. Fennici.  19: 211-217.  

4. Sumioka, S.S. and Dion, N.P. 1985. Trophic Classification of Washington Lakes Using 
Reconnaissance Data. Washington State Department of Ecology Water Supply Bulletin 
57. 

5. Rice, E.W., R.B. Baird, A.D. Eaton, and L.S. Clesceri (Eds.). 2012. Standard Methods for 
the Examination of Water and Wastewater, 22nd Edition. American Public Health 
Association, American Water Works Association, and Water Environment Federation. 
New York, NY. 1496 p. 

6. United State Environmental Protection Agency (USEPA).  1991.  Contract Laboratory 
Program.  Statement of Work for Inorganic Analysis.  USEPA, Sample Management 
Office, Alexandria, VA. 

7. Washington State Department of Ecology (WSDOE). 2016. Water Quality Standards for 
Surface Waters of the State of Washington. Chapter 173-201A WAC ς Adopted August 1, 
2016.  

8. Washington State Department of Ecology (WSDOE).  2001.  Guidelines for Preparing 
Quality Assurance Project Plans for Environmental Studies.  February 2001. No. 01-03-
003.  Olympia, WA. 



Quality Assurance Monitoring Plan                                                                                  December 2018 
Snohomish County Lake Management Program 

44 

 

9. Washington State Department of Ecology (WSDOE).  2003.  Quality Assurance 
Monitoring Plan: Stream Ambient Water Quality Monitoring. April 2003.  Ecology 
Publication No. 03-03-200.  Olympia, WA. 

10. Washington State Department of Ecology (WSDOE).  2004.  Guidelines for Preparing 
Quality Assurance Project Plans for Environmental Studies.  July 2004. No. 04-03-030.  
Olympia, WA. 

11. Washington State Department of Ecology (WSDOE). 2018. Water Quality Policy 1-11, the 
Assessment of Water Quality for the Clean Water Act Sections 303(d) and 305(b) 
Integrated Report.  

12. Weber, C.I., L.A. Fay, G.B. Collins, D.E. Rathke, and J. Tobin.  1986.  A review of methods 
for the analysis of chlorophyll in periphyton and plankton of marine and freshwater 
systems.  Ohio State University Sea Grant Program Tech Bull.  OHSU-TB-15.  

 

 

https://ecology.wa.gov/Water-Shorelines/Water-quality/Water-improvement/Assessment-of-state-waters-303d/Assessment-policy-1-11

